Background There is a dearth of accurate information about health outcomes and health service coverage among ethnic minorities in China. We assessed maternal and child health (MCH) outcomes and service coverage among ethnic minorities compared with Han populations in western China.
Introduction
Ethnic minority populations across the world often have worse social and health outcomes than non-ethnic minority populations, though the pattern is by no means constant. [1] [2] [3] Some ethnic minority populations fare better than others in the same society, and where ethnic variation has been documented the size of effect varies greatly. 1 The factors underlying health inequalities between ethnic and non-ethnic minority populations are complex and varied, but aspects related to employment, income, education, food security, healthcare policies and systems, social policies, social structures, health behaviours, and cultural norms are all thought to play a part. 2 China's 55 ethnic minority groups represent one of the largest ethnic minority populations in the world. 2 The 2010 China census estimated that 114 million people belonged to ethnic minorities, representing 8·5% of the total population. 4 Nearly three-quarters (71·4%) of all ethnic minorities in China live in the Western Region. 5 The Zhuang (17 million), Hui (11 million), Manchus (10 million), Uyghur (10 million), and Miao (9 million) are the dominant ethnic groups. 4 Collectively, China's 55 ethnic minority groups represent highly heterogeneous socioeconomic positions, languages, religions, and cultural and geographical contexts. 4, 5 Over the past 50 years, the Chinese Government has made substantial efforts to improve the rights and opportunities of its ethnic minorities. 6 At a collective level, the Government designated regions with large ethnic minority populations as "autonomous", giving them the right to self-government, including special legislative power and the right to develop and control local economies and finances. Today, there are five autonomous provinces (Tibet, Xinjiang, Inner Mongolia, Guangxi, and Ningxia), 30 autonomous prefectures, and 120 autonomous counties. 5 Many autonomous counties have also benefited from national poverty alleviation efforts that provided the poorest counties with extra funding. 7 At an individual level, ethnic minorities have some privileges such as looser family planning restrictions and educational benefits. Fertility controls have been less stringent for people living in autonomous regions and many ethnic minority couples were allowed a second or third child under the one child policy. 8 In education, some minority students have benefited from subsidies and preferential admittance into colleges and universities, and bilingual education has been offered to ethnic groups with a language and writing system.
Despite an increasing focus on ethnic minority culture and identity in China, there is a dearth of accurate demographic, health outcome, and health service coverage data for ethnic minorities. An international review bringing together experts in indigenous health data systems from across the world reported only two studies from China, one from Tibet and one from the Dai minority group in Yunnan Province. 1 Similarly, a literature review examining socioeconomic variation in maternal health care and maternal mortality in China found three studies showing lower uptake of antenatal and delivery care among ethnic minority populations, but no studies reporting on maternal mortality. 9 Repeated calls have been made to improve the information base about ethnic minorities in China. 1, 2, 6, 9, 10 The aim of this systematic review is to examine whether maternal and child health (MCH) outcomes and service coverage vary by ethnic affiliation in western China. We focus on MCH because this is a priority area for the Chinese Government and great success has been achieved over the past 20 years. 11 The areas of MCH that we include are maternal and child mortality, antenatal and delivery care, and immunisation coverage. Our review focuses on western China not only because ethnic minorities are overwhelmingly concentrated in this region, but also because the region is economically deprived and performs poorly compared with eastern and central China. 11 Because ethnic minority groups in China are highly heterogeneous, 4 ,5 we aim to report variation in MCH outcomes and service coverage between the Han and individual ethnic groups.
Methods

Search strategy and selection criteria
We searched English (Embase, MEDLINE, Web of Science) and Chinese (China National Knowledge Infrastructure [CNKI] , VIP, Wanfang) databases between Jan 1, 1990, and Nov 9, 2016, using the search terms "health care utilisation", "ethnic minorities", and "western China" (see appendix pp 1-8 for the full search strategy). We only included papers published in peer-reviewed journals, but there were no language restrictions. All English titles and abstracts were reviewed by one author (DS); the Chinese titles and abstracts were reviewed by two authors (LP, FT). The two Chinese authors read all titles and abstracts independently, and agreed the final selection of papers. Whenever the Chinese authors disagreed or were uncertain, they consulted one of the authors (DS) for clarification. Where uncertainty persisted for English or Chinese papers, questions were referred to the senior author (CR), who made a final decision. We obtained full text copies of potentially relevant articles and the reference lists were searched for further relevant publications.
Studies We included two types of studies: (1) studies comparing individual ethnicities and (2) studies making ecological comparisons between geographically defined groups. Studies making individual comparisons were included if the paper reported crude, adjusted, or both odds ratios (ORs) with 95% CIs comparing individuals with different ethnic affiliations (ie, Han compared with ethnic minorities or comparisons between ethnic minorities); or if the paper provided the data that allowed us to calculate these effect estimates with 95% CIs. Ethnic groups with a sample size of less than 30 were excluded from the analysis. For ecological studies we included papers that made comparisons between prefectures, counties, or villages with a stated ethnic composition. Studies comparing autonomous prefectures, counties, or villages without stating the ethnic composition were excluded, as were studies comparing autonomous provinces. Ecological studies were included regardless of the statistical methods used to compare the geographically defined groups.
Data for study location, dates, design and population, sample size, definition, and ascertainment of MCH indicators and ethnic groups, the type of denominator and the numerator for each indicator were extracted by five authors (DS, LP, FT, YH, and CR). Study populations described in more than one paper were included only once, using data from the paper with the most detailed information. When more than one MCH indicator was assessed in a single study, these were extracted and treated as separate datasets.
The risk of bias for each dataset was assessed using the component approach adopted by the Cochrane Collaboration. 12 All datasets were assessed on the rigour of the study design (eg, whether the sampling strategy for a cross-sectional survey was clearly described and data sources stated), the completeness of data, the definition and ascertainment of the MCH indicator, the definition of See Online for appendix ethnicity, the statistical analysis (eg, whether survey design had been accounted for in the analysis), and adjustment for confounding. Each of the quality criteria were classified as having a low risk or high risk of bias for each dataset. For example, a dataset was classified as having a high risk of bias for study design if a cross-sectional survey was said to be based on "stratified multistage random sampling" but no further details were given. Similarly, cross-sectional surveys reportedly using random sampling but without information about the data from which children were sampled were considered at high risk of bias for study design. Where there was insufficient information to assess the risk of bias, the dataset was classified as at an unclear risk of generating bias.
Data analysis
All meta-analyses were carried out using Stata 14.0. The association between ethnicity and each MCH indicator was estimated using ORs and 95% CIs. Both the crude ORs (either provided in the paper or calculated by us) and the adjusted estimates were included, but pooled separately for each MCH indicator. If a study provided findings from several time periods, only the effect estimates from the latest period were included. The weighted summary measure of effect for each MCH indicator was obtained by conducting a random-effects model and represented with a forest plot. The presence of statistical heterogeneity across studies was assessed by applying an I² value (<25% interpreted as no heterogeneity, 25-49% as low heterogeneity, 50-74% as moderate heterogeneity, and ≥75% as high heterogeneity) and a χ² test with a threshold p value of 0·10 to determine significance. We used funnels plots and Begg's test 13 (p<0·05 to determine significance) to assess if there was any potential publication bias. Additionally, sensitivity analyses and meta-regressions were done to assess the effect of calendar effect and small-study bias on the pooled results. We used year of publication rather than year of data collection to test for calendar effect because some studies did not report the latter. This review was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
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Role of the funding source
The funder of the study had no role in the study design, data collection, data analysis, data interpretation, or writing of the report. The corresponding author had full access to all the data in the study and had final responsibility for the decision to submit for publication.
Results
The Chinese search initially identified 4335 titles and abstracts; 158 of these were retained for full text review and 129 were excluded because they did not contain relevant data (figure 1). The English search identified 4082 titles and abstracts; 131 of these were retained for review and 115 were subsequently excluded. 29 Chinese language studies and 16 English language studies, providing 31 individual comparisons and 15 ecological comparisons, were included. Table 1 describes the 31 eligible studies based on individual comparisons. 19 studies reported on maternal health indicators (two maternal mortality, 11 antenatal care, ten facility births, and one caesarean section) and 13 on child health indicators (three child mortality, one infant mortality, one neonatal mortality, and ten immunisation). One study reported on both maternal and child health indicators. 19 Most studies described data collected during 2000-09, and the most commonly represented provinces were Guizhou (n=12), Ningxia (n=7), and Xinjiang (n=7). Most studies (n=28 [90%]) relied on data from cross-sectional surveys, and the most commonly reported comparisons were between Han Chinese and other (n=25), Hui (n=9), Zhang (n=6), or Uyghur (n=6) ethnic groups.
Only four studies were judged to be at low risk of bias across all of the quality criteria (table 2) . 19, 26, 32, 39 Sampling strategies for cross-sectional surveys were generally well described, but only half (17 of 31) reported the data sources from which the sample was drawn. Only ten of 31 studies provided data for response rates and 16 of 31 studies reported the definition of outcomes. For the ten studies reporting immunisation coverage, the source of information varied: four studies relied on mother's report only, one on blood tests only, and five on at least two sources (mother's report, household certificate, health facility card, blood tests, or immunisation scars). Most (21 of 31) studies used logistic regression, but it was not always clear whether adjustment for survey design had been taken into account in the analysis. Two studies reported regression analyses but data could not be used because the ethnicity was treated as a continuous variable. 15 The individual and pooled ORs of the association between ethnic affiliation and maternal or child health outcomes and service coverage are shown in the appendix (pp 9-13, 14-25) and figures 2 and 3. The pooled crude odds of maternal mortality were twice as high for ethnic minorities than for Han women (OR 2·16 [95% CI 0·97-4·82]). Similarly, the pooled crude ORs for neonatal mortality (1·45 [0·92-2·30]), infant mortality (1·68 [0·81-3·48]), and child mortality (2·02 [1·23-3·32]) were higher among ethnic minorities than among Han (figure 2; appendix p 14). No study examining the association between ethnic affiliation and mortality outcomes adjusted for confounders.
Ethnic minority women had lower odds of using antenatal care (OR 0·60 [95% CI 0·48-0·75]) or giving birth in health facilities (0·50 [0·39-0·64]) compared with Han women, but there was strong evidence for between-study heterogeneity (I² 96·7% and 95·8%, respectively; p<0·0001; figure 2; appendix pp [15] [16] . The pooled adjusted ORs for antenatal care and facility birth were 0·54 (95% CI 0·42-0·71) and 0·76 (0·47-1·24), respectively (figure 3; appendix pp [19] [20] .
The odds of any immunisation were much lower among ethnic minority children than among Han children (OR 0·34 [95% CI 0·24-0·47]), with high heterogeneity across studies (I² 98·6%, p<0·0001; figure 2; appendix pp 17-18). After adjustment for confounders, the pooled OR for any immunisation was 0·57 (95% CI 0·44-0·74; figure 3 ; appendix pp [21] [22] [24] [25] .
The I² statistics varied over a range from 0% to 99%, with most subgroups in the 80-90% range (appendix pp [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] . The funnel plots were symmetric for each MCH indicator, with the Begg's test (p=0·1143 for mortality, p=0·0913 for antenatal care, p=0·8926 for facility birth, p=0·3481 for hepatitis B immunisation, and p=0·2561 for other immunisations, separately) suggesting no evidence of publication bias for metaanalyses (appendix pp [26] [27] [28] [29] [30] . The sensitivity analyses and meta-regression showed the summary measures of effects between ethnicity and each MCH indicator were stable (appendix pp [31] [32] [33] [34] [35] .
The 15 ecological studies matching our inclusion criteria are described in table 3. [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] Ten studies reported on maternal health outcomes and eight on child health outcomes (three reported on both). The number of population groups that were compared in the studies varied substantially: from two villages in Yunnan Province to a comparison between all 2296 counties in China. 47, 59 The ethnic composition of the geographically defined groups varied substantially, but only two studies explicitly defined a threshold above which groups could be defined as ethnic minority or examined associations between the proportional share of ethnic minorities and MCH indicators. 49, 59 Nearly all studies reported lower uptake of MCH care and higher mortality among ethnic minority than among non-ethnic minority populations. Interestingly, the two studies comparing large numbers of population groups found some ethnic minority populations that fared better than the Han majority. For example, Liu and colleagues 54 found that uptake of facility-based delivery, antenatal care, and postnatal care was higher among Hui and Naxi women than among the Han, while Wang and colleagues 59 reported lower under-5 mortality rates among Koreans and Manchus compared with the Han.
Discussion
Our systematic review provides strong evidence of poorer health outcomes and MCH care access among ethnic minorities than among Han populations in western China. Results were remarkably consistent across MCH indicators. The pooled odds of child mortality were twice as high for ethnic minorities as for Han populations. Ethnic minority women were less likely than Han women to use antenatal care, to give birth in a health facility, or to immunise their child. After taking account of the potential confounding effects of wealth or education, ethnic minority women were less likely to use antenatal care or to immunise their children compared with Han women.
Compared with previous studies, 1 it is a strength that we draw from both English and Chinese sources, and that we include group as well as individual comparisons. Anderson and colleagues have argued that one should draw data from government health statistical agencies, 1 but government data in China rely on geographic proxy measures (eg, autonomous provinces, prefectures, or counties) rather than on information from distinct ethnic groups. Geographic proxy measures have policy value in that benefits can be targeted at administratively defined groups with clear channels of responsibility. Little analytical work has been done on the underlying reasons for health gaps between Han and ethnic minority populations in China. 3, 9 Much of the international literature on the causes of health differentials between ethnic minority and non-ethnic minority populations draws from indigenous populations in high-income countries, including Aboriginal Canadians or Australians, and it is uncertain whether these explanatory models apply to China. 61, 62 In China, ethnic minority status is associated with economic and educational disadvantages, rural residence, mountainous topography, and poor infrastructure, but living conditions vary substantially across and even within specific ethnic groups, and a unique analytical framework encompassing all ethnic minorities would not be appropriate. For example, two of the largest ethnic groups, the Manchus and the Hui, are among the most urbanised and their income levels are not dissimilar to that of the Han majority. 6 However, the Hui are highly dispersed across the country, and there are distinct, heterogeneous subgroups with their own geographical ties and cultural practices. The Yi ethnic group, on the other hand, are mostly subsistence farmers living in remote mountainous areas of southern Sichuan, with low levels of education and little access to formal health care. 63 The substantial heterogeneity in child mortality between ethnic minorities shown by Wang and colleagues 59 shows the diversity among ethnic minority groups. In 2012 six minority groups (Yi, Tibetan, Dongxiang, Kyrgyz, Monba, and Tajik) lived in counties with child mortality rates greater than 40 per 1000 livebirths, while three groups lived in counties with child mortality rates very similar to the Han (12·0, 14·1, and 14·6 per 1000 among Manchu, Zhuang, and Yao, respectively, vs 12·8 per 1000 among Han). Wider environmental factors such as mountainous terrain and poor infrastructure might be as important as individual or household characteristics in explaining the poverty gap between Han and minority populations, so the same might be true for health gaps. 6, 59 Yet, the studies in our review that had taken account of confounders such as income and education still reported poor access to MCH care, pointing to ethnic differentials that persist beyond the economic and educational disadvantages of certain ethnic groups.
Although this study identified more papers than earlier reviews on this topic, 3, 9 few aimed to explain the health disparities between the Han majority and ethnic minorities. Indeed, ethnic affiliation was often a secondary determinant-a factor to adjust for in the analysis-rather than a focus of the study per se. Many studies aggregated non-Han ethnic groups into a single or "other" ethnic minority category, thereby masking possible variation between individual ethnic groups. 64 Qualitative research has explored some of the reasons why ethnic minority populations might have low access to care, but the number of studies is small. Research among Yi and Tibetan women, for example, has suggested that women might choose to give birth at home because of the high cost of care, the poor quality of township hospitals, and the cultural inappropriateness of birthing practices that cause women discomfort and embarrassment. 63, 65, 66 Low levels of education and health-care knowledge could also contribute to low uptake of MCH care among ethnic minorities like Yi, Miao, Tibetan, Dong, Uygur, and Yugur. [67] [68] [69] [70] [71] [72] Local beliefs, behaviours, and fears that translate into women's suspicion of delivering in clinics or hospitals might play a part, but there is no uniformity of beliefs and behaviours across population groups and findings from small ethnographic studies are difficult to generalise. 65 Although there is evidence from western China that geographic accessibility in ethnic minority areas is poorer, 73 there is dispute over how important a barrier to care it is. Some argue that it is critical, 66, 74 while others suggest that its significance has been overstated. 63, 65 Our search was comprehensive and systematic, but our design might have some limitations. First, we focused our analysis on ethnic minorities in western China because poverty is concentrated in this region and three-quarters of all ethnic minorities live there. Ethnic minorities such as the Manchus tend to live in the more industrialised north and northeast, and their degree of urbanisation and lifestyle approximates that of the Han. Because we compare ethnic minority and Han populations in a region which is less developed and has worse health outcomes than eastern or central China, 11 our estimates of effect underestimate the difference between ethnic minority and Han populations at a national level.
Second, we only included studies comparing individual ethnic groups for which odds ratios with 95% CIs were available. This means that studies relying on census data but not providing sample sizes were excluded. We are aware of five such studies, all of which confirmed the higher infant and child mortality of ethnic minority populations compared with Han populations. 48, [75] [76] [77] [78] Third, we excluded studies making ecological comparisons at the province or regional level, even though some provinces are designated Autonomous Regions. As outlined above, autonomous provinces or regions are too diverse in ethnic composition to make meaningful comparisons. Fourth, we used odds ratios for our estimates of effect because almost all studies used logistic regression. With outcomes as common as the MCH indicators reported here, odds ratios are a poor approximation for risk ratios, and care has to be taken in the interpretation of the magnitude of effect. Fifth, there was great heterogeneity between the studies, though the pooled odds ratios for the various indicators were remarkably consistent. The sensitivity analyses and meta-regression showed that publication year and sample size were not significantly associated with the pooled odds ratio, and that no single study affected the aggregated associations between ethnicity and MCH indicators. Sixth, most data were collected between 2000 and 2009, and we were unable to examine changes over time in the strength of association between ethnicity and MCH outcomes between 1990 and 2016. Four studies reported data points over two or more periods, 33, 38, 39, 42 but only one found a change over time in ethnic disparities for hepatitis B immunisation coverage. 39 Lastly, misreporting of ethnicity is not a problem in China because a person's ethnicity is determined at birth, depending on the parents' ethnic group. When both parents belong to the same ethnic group the child will have its parents' ethnicity; when the parent's ethnicity differs the parents can choose between the mother's or the father's ethnicity.
There is a lack of peer-reviewed research that seeks to explain ethnic minority health differentials in China. Yet China, unlike other countries, 1 has a wealth of primary data that could further our understanding of why ethnic minority populations are lagging behind. Many largescale surveys, including the China National Health Service Surveys, China Health and Nutrition Surveys (CHNS), and China Family Panel Survey (CFPS), collect data for MCH indicators, ethnicity, and other sociodemographic characteristics of individuals and households. 11 Analyses could go beyond the mere descriptions of inequalities by region or by urban and rural areas, and aim to explore how sociodemographic characteristics, including ethnicity, interact to cause variation in access to care. Similarly, the 10-yearly censuses collect data for individual ethnicity, health outcomes, and sociodemographic factors, allowing a detailed exploration of variations between ethnic groups over time.
In China, the delivery of health services to remote areas where many ethnic minorities live is difficult because of severe shortage in health professionals, poor infrastructure, low population density, and complex migration patterns. Over the past 20 years, the Chinese Government has introduced several strategies that aim specifically at reaching ethnic minorities as well as strategies that aim to reach remote and poor populations in general. The latter includes medical insurance to rural residents through the New Cooperative Medical Scheme, the supply of free public health services to primary care facilities in rural areas and human resource policies to train, deploy, and retain health-care professionals in rural areas-including the training of ethnic minority health-care professionals. 79 The Targeted Poverty Alleviation Project has been launched since 2016 to increase the accessibility to local health care among families officially registered as Poverty-stricken Households with a zero deposit or payment strategy. 80 Furthermore, the government has encouraged the entry of traditional medicine practiced by various ethnic groups into the medical market and some provinces have recently opened new departments specifically to promote health development for ethnic minorities. 81, 82 Whether these policies will be successful in improving health outcomes among ethnic minorities remains to be seen. As MCH outcomes continue to improve nationally, ethnic minorities will take a greater share of the overall burden of adverse MCH outcomes, and further strategic investments to address the specific challenges faced by people living in remote areas will become necessary.
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